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Cilj. Utvrditi efekat fizikalne terapije na elektrodijagnostičke parametre n. peroneusa i n. suralisa (brzinu provođenja, latenciju, amplitudu) i na kvalitet života
INTRODUCTION
Diabetic distal symmetric sensorimotor polyneuropathy (DSPN) is a diffuse, symmetric and chronic damage of the peripheral nerves. It is the main complication caused by diabetes that affects the quality of life, morbidity and expenses from the perspective of public health exploitation (1, 2) . The painful diabetic polyneuropathy occurs in 16% of all the patients suffering from diabetes. It is often not reported (12.5%) and not treated (39%) (3) . Clinically, it is manifested as a persistent or occasional pain localized mainly in the feet and provoked by the slightest touch; aggravated during the night and reduced during a walk (4) . Degraded quality of life is manifested as a loss of self-control and independency in performance of many regular daily activities, as well as reduction of working abilities.
The most objective non-invasive method of evaluation of distal sensorimotor polyneuropathy is the nerve conduction study (NCS), especially important in detecting the subclinical signs of the illness. The earliest electrophysiological signs are reduced amplitude of sensory neurography, especially of the sural nerve, and prolonged distal sensory latency. In the clinically evident neuropathy, reduction of sensory and motor conduction velocity is obvious, especially in the legs where the peripheral nerves are the longest. The degree of conduction velocity reduction is proportional to the degree of development of the basic illness. Demyelination (partial or diffuse) reduces the nerve conduction velocity. The level of action potential is proportional to the number of conducting nerves. Lowered potential amplitude indicates a damage of axon (5) . Considering that 246 million of people in the world are suffering from diabetes at the moment, and that the number is expected to increase up to 380 million until 2025, it is necessary to introduce new methods in the treatment of health complications caused by diabetes (6) .
Physical therapy is becoming more and more frequently used in treatment of diabetic DSPN patients, primarily as an analgesic therapy, however there have not yet been any major research studies about the effects of physical therapy on electrodiagnostic parameters. The aim of this study is to determine the effects of physical therapy on the electrodiagnostic parameters, motor and sensory nerve conduction velocity in the peroneal nerve and the sural nerve, amplitude and latency and on the quality of life of patients with DSPN. The patients were referred to the Center for Physical Medicine and Rehabilitation by the neurologists from the Clinic for Neurology, Clinical Center Kragujevac, where nerve conduction study was done and where DSPN within DM2 diagnosis was determined. The study included diabetics who were subjects to successful drug therapy, resulting in good glycemia regulation (with the level of HbA1c under 8%), and who had had symptoms and signs related to DSPN for more than two months.
PATIENTS AND METHODS
Exclusion criteria were bad glycemia regulation (HbA1c above 8%), existence of another disease in addition to diabetes, which could be in any way related to the origins of the neuropathy (immunodeficiency disorders, serious liver or kidney disease, heart failure, brain ischemia, psychiatric diseases, including alcoholism, application of chemotherapy) and existence of any condition because of which the above mentioned physical agents could not be applied (pregnancy, fever, malignancy, acute infectious diseases, presence of metal in the tissue, diseases related to or damaged skin integrity at the place of electrode application). At the time of becoming a part of the study, all patients were on certain medicament therapy regime prescribed by the endocrinologist and in the course of the study this therapy was not changed, i.e. no new medicaments were introduced.
The device that was used in the nerve conduction study was the Medtronic Keypoint of the last generation (2000). The duration of the procedure is about 45 min including the findings report. The method measures peroneal and sural nerves conduction velocity by using registered evoked potentials directly from the sensory nerves. The procedure does not require any preparation; it is performed by placement of surface (skin) and/or deep electrodes - most of the times both, which is decided by the physician who conducts the examination.
The Ethical Committee of the Clinical Center Kragujevac approved this research and all participants gave informed written consent before the enrollment. Each of those 30 patients was treated with the identical combination of physical agents: pulsed electromagnetic field (PEMP) and kinesitherapy (KTH). Physical therapy was conducted within three ten-days cycles (five days a week), with a two-month break between the cycles. Pulsed electromagnetic field was applied once a day in duration of 30 minutes, along both lower legs and feet through the antenna, by using the frequency of 10 Hz and intensity of 40 mT (Kosmag 60 apparatus, Kosmaj, Banja Luka, Bosnia and Herzegovina). Kinesitherapy was applied once a day for 30 minutes, according to the individually adjusted protocol; active and active-supported exercises up to the threshold of pain were used for strengthening the musculature of the lower extremities and for increasing the range of movements in all joints of the lower extremities.
At the reception of patients at the physical medicine and rehabilitation center and at the end of the last (third) ten-day series of therapies, the Analysis of the quality of life by the European EuroQol EQ-5D test, which consists of two parts, was applied. The first part is a questionnaire about five areas of the quality of life: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. It takes a few minutes to fill out the questionnaire. The second part is a scale that is thermometer-like, so-called evaluation sale, where the subjects evaluate the quality of their overall health condition by using grades from 0 (the worst) to 100 (the best) (7, 8) .
The Short-Form McGill Pain Questionnaire (SF-MPQ) consists of three parts. Within the first part, a patient evaluates the pain during the previous week on the scale 0 to 3. There are different types of pain: pulsed, twinge, sharp, like a spasm, hot, dull, etc. In the second part, the patient marks the spot on a line which best describes the pain from the previous week, where the beginning of the line marks state "without pain", while the opposite end of the line marks the state of "the worst possible pain" (score in millimeters from 0 to 100). The third part of the questionnaire represents the intensity of pain at the moment of testing from "no pain" (marked with 0), through low, unpleasant, hard, terrible to intolerable (marked with 5). The values of the questionnaire are from 0 to 150 (9) . After the last part of the series of therapy all 30 patients underwent a control neurological examination, parameters of the nerve conduction study, European test of quality of life EQ-5D and the Short-Form McGill Pain Questionnaire (SF-MPQ).
Data are shown as median value ± standard deviation for normal distribution, that is median and range of values for the data which do not have normal distribution. The comparison of intergroup differences was done by T-test for the data with normal distribution, or by u-test for the data which did not have normal distribution. The probability p<0.05 was considered statistically significant.
RESULTS
In total, 11 (36.67%) patients were males and 19 (63.33%) were females. There were 8 (26.67%) smokers, the mean age was 63.17±7.68 (50-76) years, the history of diabetes lasted 12.22±7.58 (0.25-26) years and the history of DSPN lasted 4.26±4.80 (0.25-20) years. The mean BMI (kg/m²) was 27.26±4.56 (20. 9-37.30) . The values of the tested nerve conduction study parameters are shown in Table 1 . After completion of all three series of physical therapy the statistics indicated a significant increase of conduction velocity in the peroneal nerve - left (p=0.027) and the sural nerve -both sides (right p=0.0063, left p=0.005). Statistics indicated a significant reduction of latency for the peroneal nerve of both sides (right p=0.003; left= p=0.006).
The values of the EQ-5D-3L and EQ-VAS are shown in Table 2 . Physical therapy did not result in any statistically notable improvement of neither mobility (Z=0.000, p>0.05), self-care (Z=0.000, p>0.05), nor operating of regular daily activities (Z=0-1.414; p>0.05). On the other hand, the analysis of the results indicated a statistically notably high reduction of pain/discomfort after physical treatment procedures (Z=-4.123; p<0.001) and with notable difference (r=0.53). Besides, highly significant reduction of anxiety/depression after the physical procedures (Z=-3.755; p<0.001) with a medium difference (r=0.48), as well as statistically significant increase in EQ-VAS after the physical procedures (Z=-4.804; p<0.001) with a big difference (r=0.62).
The values of the Short-Form McGill Pain Questionnaire (SF-MPQ) (Figure 1 ) prior to the application of the physical therapy (87.43±24.05) and after the completion of the third series of physical therapy (47.93±17.76) point to the statistically significant reduction of the subjects' pain intensity (p<0.001). 
DISCUSSION
Research studies about the quality of life of patients suffering from DM are very common in the world, taking into account participation/prevalence of DM in the structure of morbidity and mortality, as well as the fact that the timely application of appropriate medicaments and physical therapy not only prevent numerous complications, but significantly improve the quality of life of patients, too.
up to date researchers applied only a few studies that directly and comprehensively measured the quality of life of DSPN patients. It should be especially emphasized that DSPN does not only affect functional aspect, but psychological and emotional aspects of life of the patient as well, which significantly degrades the quality of life. DSPN is almost always accompanied with mood changes, and often with anxiety and depression. EQ-5D questionnaire provides enough information about the quality of life of patients suffering from DSPN, from the section that refers to estimation of worry/apathy, i.e. anxiety/depression (terms used in original questionnaires in English).
Apart from the sensation of pain, the patients interviewed in this survey evaluated the above noted parameters with the worst grades. Such results indicate that the psychological status is correlated to pain, the consequential problems in mobility, and to restrictions in independent functioning. The results of this study also indicate that physical therapy and rehabilitation program have positive impact on the quality of life of diabetic patients, which is manifested by the upgraded quality of life evaluated by means of EQ-5D questionnaire.
This study outlines that application of electromagnetic therapy and KTH lead to improvement of electrodiagnostic parameters. Our results correlate with the results of other clinical studies which have proved that application of electromagnetic therapy and KTH in DSPN patients, apart from the analgesic effect, cause the increase of conduction velocity through the peroneal nerve and the sural nerve, as well as shortening of distal latency.
The impact of KTH on the change of electrodiagnostic parameters (increased velocity, extended amplitude and shortened latency) is explained by vascular and metabolic changes which occur during exercises. Previous humane and experimental studies have led to the conclusion that short exercises stimulate the endothelium-dependent vasodilatation (10) . Exercises also improve abnormal perfusion and viscosity of plasma, stimulating the delivery of oxygen (11) . Also known is the effect of exercise in repeated episodes of hyperemia. Exercises cause changes in nerve function, due to improvement of Na(+)/K(+)-ATPase activity. Increased concentration of Na(+)/K(+)-ATPase in a mouse muscle cells during exercise has been detected in experiments (12) . The importance of KTH is proved by the following indicators: lowered level of blood glucose, reduced insulin resistance, increased number of insulin receptors, reduced body weight and improved quality of life (13) . Physical exercise causes vasodilatation of blood vessels in the muscles. Localized blood 176
Table 2. EQ-5D-3L and EQ-VAS values.
Hallmark circulation may increase 10 to 20 times, in order to provide muscles with oxygen and other nutritive substances and to eliminate products of septic process and mediators of infection, producing the analgesic effect as well (14) .
The study, which included 78 patients with distal sensorimotor polyneuropathy, investigated the effects of KTH on conduction velocity, latency and amplitude, applied on the nerves of the legs. The KTH program included 31 patients (the main experimental group), while 47 patients without KTH program formed the control group. After four years of therapy, the group of patients with KTH demonstrated a significant increase of conduction velocity in the peroneal nerve (48.3±2.48, after 4 years 48.8±2.24) followed by increase of velocity in the sural nerve (47.1±4.01, after 4 years 47.5±3.18). On the other hand, the control group demonstrated a significant reduction of conduction velocity in the sural nerve (47.0±3.5, after 4 years 44.3±7.84) (13). Fisher et al. proved that ischemia is an important factor in diabetic neuropathy pathogenesis. They found that after a 24-week-long KTH followed by electromyography the nerve function improved in patients with DM II (15) .
Analgesic effect of the electromagnetic field is explained by the hyperpolarization of the cell membrane, increased production of endorphin and normalization of the blood and lymph circulation and blood pH. In our study, PEMP, besides its analgesic effect, was shown to improve several other functional peripheral nerve parameters. The effect the electromagnetic field (600-800 Hz frequency) has on the conduction velocity in the peroneal nerve and on the pain ease has been previously investigated. The research included 30 patients with diabetic polyneuropathy who were divided into three groups. The first group and the second group were treated by electromagnetic therapy with the frequency of 600 Hz and 800 Hz respectively, 30 minutes per day during 12 days, while the third group was not treated with this therapy (the control group). The first group demonstrated the increase of velocity of conduction through the peroneal nerve -right, from 36.23m/s to 39.44 m/s, through the peroneal nerve - left, from 36.27 m/s to 38.92 m/s, while VAS score was reduced from 8.4 to 2.8. The second group also demonstrated the increase of conduction velocity through the peroneal nerve -right, from 38.8 m/s to 41.38 m/s, left, from 37.58 m/s to 40.98 m/s, and VAS reduced from 7.9 to 2.9. Furthermore, the first two groups demonstrated an improvement of distal latency and amplitude. On the other hand, the control group showed reduction of conduction velocity through the right peroneal nerve from 38.39 m/s to 37.86 m/s and left from 39.35 m/s to 37.99 m/s. This group had the least reduction of VAS: from 8 to 6.2 (16).
Bosi et al investigated the effects of high-frequency electromagnetic field on the conduction velocity through the peroneal nerve and the sural nerve. The research included 31 patients with painful distal sensorimotor polyneuropathy. The conduction velocity through the peroneal nerve in the group of patients with magnetic therapy was 35.7±1.3 at the beginning, and after three weeks of therapy it was 40.5±1.8. The conduction velocity through the sural nerve was 30.4±2.9 at the beginning and after three weeks of therapy it was 33.0±2.3. At the end of the investigation, the main experimental group of patients reported a statistically significant reduction of pain which was confirmed by VAS scale (before the treatment: VAS=37.1±5.3, after the treatment: VAS=26.2±3.9; p=0.0025), however without a statistically significant improvement of the quality of life that was measured by the Short-Form McGill Pain Questionnaire (SF-MPQ) (before the treatment 103.7±1.5, after the treatment 105.6±1.3; p>0.05) (7) . The control group did not demonstrate any improvement of conduction velocity (motor nerve conduction velocity at the beginning 37.2±1.2, at the end 37.4±1.4; sensory nerve conduction velocity at the beginning 31.9±2.1, at the end 30.2±2.7) (17).
In conclusion, physical therapy applied on the patients with DMPN is a continuous process due to which the patients improve their functional abilities and functional independency, and therefore it has a significant benefit for the patients' quality of life. Physical therapy also causes positive changes of electrodiagnostic parameters: increased conduction velocity through motor and sensory nerves, increased amplitude and shortened latency. The results attained in this research encourage further use of physical therapy agents in treatment of DSPN. 
